SEMICONDUCTOR DEVICE AND 
METHOD FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor device having a high 
breakdown voltage and a method for manufacturing the same. 

Various structures have been studied in the prior art for a lateral semiconductor 
device with which the on-state resistance can be reduced while ensuring a high breakdown 
voltage. An example of such a semiconductor device is disclosed in United States Patent 
No. 6,168,983, which will now be described with reference to the drawings. 

FIG. 10 is a cross-sectional view illustrating a first semiconductor device 
disclosed in the U.S. patent. 

As illustrated in FIG. 10, an n-type source region 14 and an n-type extended 
drain region 23 are formed with an interval therebetween in an upper portion of a p-type 
semiconductor substrate 16. A drain contact portion 19 electrically connected to a drain 
electrode 11 is formed in an upper portion of the extended drain region 23. 

A p-type buried layer 18 is formed in the extended drain region 23 so as to 
extend substantially parallel to the substrate surface. Thus, in the extended drain region 
23, an n-type upper layer region 24 is formed over the p-type buried layer 18 while an n- 
type lower layer region 25 is formed under the p-type buried layer 18. 

A p-type substrate contact region 13 is formed in an upper portion of the 
semiconductor substrate 16 so as to be in contact with the source region 14, and the source 
region 14 and the substrate contact region 13 are both electrically connected to a source 
electrode 10. 

A gate electrode 12 is formed on the semiconductor substrate 16, with a gate 
insulating film 20 being interposed therebetween, in an area between the source region 14 
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and the extended drain region 23, and a region of the semiconductor substrate 16 that is 
located under the gate electrode 12 functions as a channel region 28. The surface of the 
semiconductor substrate 16, including the gate electrode 12 formed thereon, is covered by 
an insulating film 27. 

5 Thus, the first semiconductor device is characterized in that the n-type upper 

layer region 24 and the p-type buried layer 18 are provided within the n-type extended 
drain region 23. 

Since the p-type buried layer 18 is set to the reference potential via the 
semiconductor substrate 16, the extended drain region 23 and the semiconductor substrate 

10 16 are reversely biased, and the extended drain region 23 and the p-type buried layer 18 are 
also reversely biased, when a voltage is applied to the extended drain region 23. 
Therefore, a depletion layer expands from the junction between the extended drain region 
23 and the p-type buried layer 18, while a depletion layer also expands from the junction 
between the extended drain region 23 and the semiconductor substrate 16. By utilizing 

15 the dielectric breakdown voltage of these depletion layers, it is possible to increase the 
breakdown voltage of a MOS transistor. 

When a voltage is applied to the gate electrode 12, the channel region of the 
MOS transistor is turned conductive, and a drain inner current primarily flows through the 
extended drain region 23 while being divided into two flows, one through the n-type upper 

20 layer region 24 and the other through the n-type lower layer region 25, as indicated by 
broken lines. Therefore, in order to obtain a high breakdown voltage, the impurity 
concentration of the n-type lower layer region 25, which is located under the p-type buried 
layer 18 in the extended drain region 23, is reduced, so as to increase the size of the 
depletion layer that expands from the junction when a reverse bias voltage is applied. 

25 In order to reduce the impurity concentration of the n-type lower layer region 

25, the concentration of the doped impurity is reduced and the impurity is thermally 
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diffused in the step of forming the extended drain region 23. 

However, when the impurity concentration of the n-type lower layer region 25 
is reduced, the on-state resistance increases. Therefore, it is not preferred that the 
impurity concentration of the n-type lower layer region 25 is reduced excessively. Thus, 
5 in order to reduce the on-state resistance while ensuring a high breakdown voltage, it is 
necessary to increase the impurity concentration of the n-type upper layer region 24, which 
is provided on the upper surface side. 

However, when the impurity concentration of the n-type upper layer region 24 
in the extended drain region 23 is high, the expansion of the depletion layer in the n-type 
10 upper layer region 24 upon application of the reverse bias voltage will be insufficient, 
thereby changing the electric field distribution and thus lowering the breakdown voltage. 
Therefore, it is not preferred to excessively increase the impurity concentration of the n- 
type upper layer region 24. 

As described above, while the first semiconductor device aims at realizing both 
15 a reduced on-state resistance and a high breakdown voltage, they cannot be realized at the 
same time to a sufficient degree with the first semiconductor device. 

The U.S. patent further discloses a second semiconductor device, in which 
another p-type buried layer is formed within the extended drain region 23 so as to extend 
substantially parallel to the substrate surface with an interval between the two p-type 
20 buried layers, in order to reliably reduce the on-state resistance while ensuring a high 
breakdown voltage. In this way, the breakdown voltage is improved without lowering the 
impurity concentration of the n-type lower layer region 25. 

FIG. 11 is a cross-sectional view illustrating the second semiconductor device 
disclosed in the U.S. patent. As illustrated in FIG. 11, a first p-type buried layer 18A and 
25 a second p-type buried layer 18B are formed in the extended drain region 23. The first p- 
type buried layer 18A and the second p-type buried layer 18B below the first p-type buried 
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layer 18A extend substantially parallel to the substrate surface and are spaced apart from 

each other in the depth direction. 

In the second semiconductor device, the first p-type buried layer 18A and the 

second p-type buried layer 18B are formed in the extended drain region 23, whereby when 
5 a voltage that is a reverse bias to the semiconductor substrate 16 is applied to the extended 

drain region 23, a depletion layer expands from the junction between the extended drain 

region 23 and the first buried layer 18A, the junction between the extended drain region 23 

and the second buried layer 18B, and the junction between the extended drain region 23 

and the semiconductor substrate 16. Therefore, even if the impurity concentration of the 
10 n-type extended drain region 23 is set to be high, the depletion layers formed by the 

extended drain region 23 and the first and second buried layers 18A and 18B expand easily. 

Thus, it is possible to ensure a high breakdown voltage of the MOS transistor. 

Moreover, when a current path is established between the extended drain 

region 23 and the source region 14, a current flows through the extended drain region 23 
15 whose impurity is set to be high, whereby the on-state resistance can be reduced. In this 

way, it is possible to reliably reduce the on-state resistance while ensuring a high 

breakdown voltage. 

The drain inner current of the MOS transistor flows while being divided into 
three separate flows respectively through the n-type upper layer region 24, an n-type 
20 intermediate layer region 26 and the n-type lower layer region 25 in the extended drain 
region 23, as indicated by broken lines in FIG. 11. Therefore, the resistance value of the 
extended drain region 23 of the MOS transistor can be represented by the parallel 
resistance value of the three-layer current path. 

However, the second conventional semiconductor device as described above 
25 has the following problem. When forming the extended drain region 23, an n-type 
impurity, e.g., phosphorus (P) ion, is implanted and then thermally diffused so that the 
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diffusion depth is about 5 \xm to 15 jam. The ion implantation is performed with an 
implantation energy of about 100 keV to 150 keV. Therefore, while a surface region of 
the extended drain region 23 can be formed with a high concentration, the intermediate 
layer region 26 has a lower n-type impurity concentration, and the lower layer region 25 
5 has an even lower n-type impurity concentration. 

Therefore, the second conventional semiconductor device has a high resistance 
value in the intermediate layer region 26 and in the lower layer region 25 of the extended 
drain region 23, whereby the MOS transistor has an increased on-state resistance. 

1 0 SUMMARY OF THE INVENTION 

The present invention has been made in view of the above, and has an object to 
further reduce the on-state resistance while ensuring a high breakdown voltage. 

In order to achieve the object, the present invention provides a semiconductor 
device having a high breakdown voltage in which the impurity concentration is sufficiently 
15 high at a relatively large depth in an extended drain region. 

Specifically, a first semiconductor device of the present invention includes a 
semiconductor substrate of a first conductivity type, in which an extended drain region of a 
second conductivity type and a source region of the second conductivity type are formed 
with an interval therebetween, wherein: the extended drain region includes a plurality of 
20 buried layers, each formed by burying an impurity layer of the first conductivity type, the 
plurality of buried layers extending substantially parallel to a substrate surface and with an 
interval therebetween in a depth direction; and a concentration of an impurity of the second 
conductivity type in the extended drain region at a depth of about 6 ^im from the substrate 
surface is about lxl0 15 /cm 3 or more and is about 30% or more of that at a depth of about 2 
25 ^m from the substrate surface. 

With the first semiconductor device of the present invention, when a current 
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path is established between the extended drain region and the source region, a current 
desirably flows through the extended drain region even at a depth of about 6 |im from the 
substrate surface because the resistance value of the extended drain region is reduced. 
Thus, it is possible to reliably reduce the on-state resistance while ensuring a high 
5 breakdown voltage. 

A second semiconductor device of the present invention includes a 
semiconductor substrate of a first conductivity type, in which an extended drain region of a 
second conductivity type and a source region of the second conductivity type are formed 
with an interval therebetween, wherein: the extended drain region includes a buried layer, 

10 formed by burying an impurity layer of the first conductivity type, the buried layer 
extending substantially parallel to a substrate surface; and a concentration of an impurity of 
the second conductivity type in the extended drain region, excluding the buried layer, at a 
depth of about 6 jam from the substrate surface is about lxl 0 15 /cm 3 or more and is about 
30% or more of that at a depth of about 2 \xm from the substrate surface. 

15 In the first or second semiconductor device, it is preferred that the buried 

layer(s) is/are electrically connected to the semiconductor substrate. In this way, when 
applying a voltage that is a reverse bias to the extended drain region and the semiconductor 
substrate, the depletion layer occurring from the junction between the extended drain 
region and each buried layer reliably expands, whereby the breakdown voltage of the 

20 semiconductor device is reliably improved. 

A method for manufacturing a semiconductor device of the present invention 
includes: a first step of selectively implanting a semiconductor substrate of a first 
conductivity type with impurity ion of a second conductivity type with an implantation 
energy that is equal to or greater than about 1.0 MeV and less than or equal to about 3.0 

25 MeV so as to form an extended drain region of the second conductivity type in an upper 
portion of the semiconductor substrate; and a second step of forming a plurality of buried 



layers, each being an impurity layer of the first conductivity type, in the extended drain 
region so that the plurality of buried layers extend substantially parallel to a substrate 
surface with an interval therebetween in a depth direction. 

With the method for manufacturing a semiconductor device of the present 
5 invention, the extended drain region of the second conductivity type is formed in an upper 
portion of the semiconductor substrate by selectively implanting the semiconductor 
substrate of the first conductivity type with impurity ion of the second conductivity type 
with an implantation energy that is equal to or greater than about 1.0 MeV and less than or 
equal to about 3.0 MeV, whereby the concentration of the impurity of the second 

10 conductivity type at a depth of about 6 |im from the substrate surface is about lxl0 15 /cm 3 
or more and is about 30% or more of that at a depth of about 2 \xm from the substrate 
surface. Thus, it is possible to reliably realize the first semiconductor device. In 
addition, the on-state resistance can be reduced simply by setting the implantation energy 
for implanting impurity ion to form the extended drain region to be high, which does not 

1 5 lead to an increase in the manufacturing cost. 

In the method for manufacturing a semiconductor device of the present 
invention, it is preferred that the first step includes a step of performing a heat treatment on 
the semiconductor substrate so that a diffusion depth of the extended drain region is equal 
to or greater than about 5 jxm and less than or equal to about 1 5 |im. 

20 In the method for manufacturing a semiconductor device of the present 

invention, it is preferred that in the second step, the plurality of buried layers are 
successively formed by an ion implantation method, starting from the buried layer at a 
deepest position to the buried layer at a shallowest position in the extended drain region. 
In this way, the plurality of buried layers can be reliably formed within the extended drain 

25 region. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view illustrating a semiconductor device according 
to an embodiment of the present invention. 

FIG. 2A and FIG. IB illustrate the semiconductor device according to the 
embodiment of the present invention, wherein FIG. 2A schematically illustrates the 
expansion of a depletion layer when a voltage is applied to a drain electrode, and FIG. 2B 
schematically illustrates the flow of a drain current. 

FIG. 3A to FIG. 3F are graphs illustrating impurity concentration profiles in 
the depth direction in an extended drain region of the semiconductor device according to 
the embodiment of the present invention, for different n-type impurity implantation 
energies of 0.15 MeV, 1.0 MeV, 1.5 MeV, 2.0 MeV, 2.5 MeV and 3.0 MeV, respectively. 

FIG. 4A is a graph illustrating the ion implantation energy dependence of the 
n-type impurity concentration in the depth direction of the extended drain region of the 
semiconductor device according to the embodiment of the present invention. 

FIG. 4B is a graph illustrating the ion implantation energy dependence of the 
n-type impurity concentration proportion in the depth direction with respect to the 
reference n-type impurity concentration at a depth of 2 ^m in the extended drain region of 
the semiconductor device according to the embodiment of the present invention. 

FIG. 5A and FIG. 5B are cross-sectional views sequentially illustrating steps in 
a method for manufacturing a semiconductor device according to the embodiment of the 
present invention. 

FIG. 6A and FIG. 6B are cross-sectional views sequentially illustrating steps in 
the method for manufacturing a semiconductor device according to the embodiment of the 
present invention. 

FIG. 7 is a cross-sectional view sequentially illustrating a step in the method 
for manufacturing a semiconductor device according to the embodiment of the present 
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invention. 

FIG. 8A and FIG. 8B illustrate a semiconductor device according to a first 
variation of the embodiment of the present invention, wherein FIG. 8A is a cross-sectional 
view illustrating the semiconductor device, and FIG. 8B is a cross-sectional view 
5 schematically illustrating the expansion of a depletion layer when a voltage is applied to a 
drain electrode. 

FIG. 9 is a cross-sectional view illustrating a semiconductor device according 
to a second variation of the embodiment of the present invention. 

FIG. 10 is a cross-sectional view illustrating a first conventional semiconductor 
10 device having a high breakdown voltage. 

FIG. 11 is a cross-sectional view illustrating a second conventional 
semiconductor device having a high breakdown voltage. 

DETAILED DESCRIPTION OF THE INVENTION 

15 An embodiment of the present invention will now be described with reference 

to the drawings. 

FIG. 1 is a cross-sectional view illustrating a semiconductor device, which is a 
high-voltage MOS transistor, according to the embodiment of the present invention. 

As illustrated in FIG. 1, the semiconductor device includes a semiconductor 
20 substrate 100 made of silicon whose p-type impurity concentration is about lxl0 14 /cm 3 to 
about 3xl0 14 /cm 3 . An n-type extended drain region 101 and an n-type source region 102 
are formed with an interval therebetween in an upper portion of the semiconductor 
substrate 100. In an upper portion of the extended drain region 101, a drain contact 
portion 103 is formed. The drain contact portion 103 is electrically connected, via a 
25 contact section, to a drain electrode 111 formed on an insulating film 110. 

The extended drain region 101 is formed by implantation of an n-type impurity 
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with a very high implantation energy of about 1.0 MeV to about 3.0 MeV, followed by 
thermal diffusion. In such a case, the n-type impurity concentration at a depth of about 6 
|im from the substrate surface is about lxl0 15 /cm 3 or more and is about 30% or more of 
that at a depth of about 2 ^im. Moreover, the junction depth is about 5 |im to about 15 ^m. 

A first p-type buried layer 104A whose p-type impurity concentration is about 
2.5xl0 16 /cm 3 is formed in the extended drain region 101 at a depth of about 1.0 [xm so as to 
extend substantially parallel to the substrate surface. Moreover, a second p-type buried 
layer 104B whose impurity concentration is about 1.5xl0 16 /cm 3 is formed in the extended 
drain region 101 at a depth of about 3.5 jxm so as to extend in parallel to the first p-type 
buried layer 104A. The first p-type buried layer 104A and the second p-type buried layer 
104B are either both electrically connected to the semiconductor substrate 100 or both 
electrically floating. 

As described above, the extended drain region 101 includes therein the first p- 
type buried layer 104A and the second p-type buried layer 104B, which extend 
substantially parallel to the substrate surface at respective predetermined depths with an 
interval therebetween in the depth direction. Therefore, an n-type upper layer region 
101a is formed over the first p-type buried layer 104A, an n-type intermediate layer region 
101b is formed between the first p-type buried layer 104A and the second p-type buried 
layer 104B, and an n"-type lower layer region 101c is formed under the second p-type 
buried layer 104B. 

Note that in a case where only one p-type buried layer is provided, the cross- 
sectional area of the lower layer region 101c in the extended drain region 101 increases, 
whereby the breakdown voltage slightly decreases, but the on-state resistance is 
sufficiently reduced. 

A p ++ -type substrate contact region 105 is formed adjacent to the source region 
102 in an upper portion of the semiconductor substrate 100 on one side of the source 
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region 102 that is away from the extended drain region 101. The substrate contact region 
105 is electrically connected to the semiconductor substrate 100. 

The source region 102 and the substrate contact region 105 are electrically 
connected to each other via a source electrode 112 and a contact section, which are both 
formed on the insulating film 110, whereby the source electrode 112 is set to the same 
potential as the semiconductor substrate 100. 

A gate electrode 107 is formed on the semiconductor substrate 100, with a gate 
insulating film 106 being interposed therebetween, in an area between the extended drain 
region 101 and the source region 102. Therefore, a region of the semiconductor substrate 
100 that is located under the gate electrode 107 functions as a channel region. 

The source region 102 and the substrate contact region 105 are surrounded by a 
p + -type anti-punch-through region 108 whose p-type impurity concentration is higher than 
that of the semiconductor substrate 100. Therefore, the expansion of a depletion layer 
from the extended drain region 101 into the channel region is suppressed by the anti- 
punch-through region 108, thereby preventing a so-called "punch through phenomenon". 

The semiconductor device of the present embodiment includes the first p-type 
buried layer 104A and the second p-type buried layer 104B, which are formed in the 
extended drain region 101 so as to extend substantially parallel to the substrate surface 
with an interval therebetween in the depth direction, whereby when a predetermined 
voltage is applied to the extended drain region 101, the n-type extended drain region 101 
and the p-type semiconductor substrate 100 are reversely biased, and the n-type extended 
drain region 101 is reversely biased with respect to the first p-type buried layer 104A and 
the second p-type buried layer 104B. 

Therefore, as illustrated in FIG. 2A, a depletion layer expands from the 
junction between the first p-type buried layer 104A and the extended drain region 101, the 
junction between the second p-type buried layer 104B and the extended drain region 101, 
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and the junction between the extended drain region 101 and the semiconductor substrate 
100, and these depletion layers together form a continuous depletion layer 150. Thus, the 
region of the depletion layer 150 is sufficiently large, whereby it is possible to increase the 
breakdown voltage of the MOS transistor. 

Moreover, with the semiconductor device of the present embodiment, when a 
voltage is applied to the gate electrode 107 and the channel region of the MOS transistor is 
turned conductive, a drain inner current 130 in the extended drain region 101 flows 
through each of the upper layer region 101a, the intermediate layer region 101b and the 
lower layer region 101c of the extended drain region 101, as indicated by broken lines in 
FIG. 2B 

Since the extended drain region 101 of the present embodiment is implanted 
with n-type impurity ion with a very high energy of about 1.0 MeV to about 3.0 MeV, the 
net n-type impurity concentration is about 1.5xl0 15 /cm 3 or more at a depth of about 6 |xm, 
as can be seen from FIG. 3A to FIG. 3F and from FIG. 4A, in which the data shown in FIG. 
3A to FIG. 3F are put together into a single graph. In FIG. 3A to FIG. 3F, Curve 1 
represents the concentration of boron (B), which is a p-type impurity, Curve 2 represents 
the concentration of phosphorus (P), which is an n-type impurity, and Curve 3 represents 
the net concentration of the n-type impurity. Moreover, as can be seen from FIG. 4B, an 
n-type impurity concentration that is 30% or more of that at a depth of 2 ^im is ensured. 

Therefore, the n-type impurity concentration in the intermediate layer region 
101b and the lower layer region 101c of the extended drain region 101 can be made higher 
than that in the prior art, whereby it is possible to reduce the on-state resistance while 
ensuring a high breakdown voltage. 

As described above, according to the present embodiment, the extended drain 
region 101 of the high-voltage MOS transistor is formed by ion implantation with a very 
high impurity implantation energy of about 1.0 MeV to about 3.0 MeV. Therefore, the n- 
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type impurity concentration over the second p-type buried layer 104B and that under the 
second p-type buried layer 104B can both be made high, whereby it is possible to 
significantly reduce the on- state resistance while ensuring a high breakdown voltage. 

A method for manufacturing a semiconductor device as described above will 
5 now be described with reference to the drawings. 

FIG. 5A to FIG. 7 are cross-sectional views sequentially illustrating steps in a 
method for manufacturing a semiconductor device according to the embodiment of the 
present invention. 

First, as illustrated in FIG. 5A, an n-type impurity, e.g., phosphorus (P) ion, is 
10 selectively implanted with an implantation energy of about 1.0 MeV to 3.0 MeV into the 
silicon semiconductor substrate 100 whose p-type impurity concentration is about 
lxl0 14 /cm 3 to 3xl0 14 /cm 3 , and then the implanted n-type impurity is thermally diffused, 
thereby forming the n-type extended drain region 101 whose junction depth is about 5 |om 
to 15 ixm. Then, a p-type impurity, e.g., boron (B) ion, is selectively implanted into a 
15 region that is spaced apart in the substrate surface direction from the extended drain region 
101 in an upper portion of the semiconductor substrate 100, thereby forming the p + -type 
anti-punch-through region 108. 

Then, as illustrated in FIG. 5B, a p-type impurity, e.g., boron ion, is implanted 
into the extended drain region 101 with an implantation energy of about 2.0 MeV to 3.0 
20 MeV, thereby forming the second p-type buried layer 104B extending substantially parallel 
to the substrate surface at a depth of about 3.5 jam. 

Then, as illustrated in FIG. 6A, a p-type impurity, e.g., boron ion, is implanted 
into the extended drain region 101 with an implantation energy of about 1.0 MeV to 1.5 
MeV, thereby forming the first p-type buried layer 104A extending substantially parallel to 
25 the second p-type buried layer 104B at a depth of about 1.0 ^im. Then, the n-type source 
region 102 is formed in the anti-punch-through region 108. Then, a region in the anti- 
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punch-through region 108 on one side of the source region 102 that is away from the 
extended drain region 101 is selectively implanted with a p-type impurity, e.g., boron ion, 
at a dose of about 4.5x1 0 15 /cm 3 , thereby forming the p^-type substrate contact region 105 
adjacent to the source region 102. 
5 Then, as illustrated in FIG. 6B, the n^-type drain contact portion 103 is 

selectively formed in an upper portion of the extended drain region 101 at one end of the 
semiconductor device that is opposite to the source region 102. Then, the gate electrode 
107 made of a polysilicon film, for example, is formed on the semiconductor substrate 100, 
with the gate insulating film 106 being interposed therebetween, in an area between the 

10 extended drain region 101 and the source region 102. Then, the insulating film 110 is 
deposited so as to cover the entire surface of the semiconductor substrate 100, including 
the gate electrode 107 formed thereon. 

Note that in the present embodiment, the order in which the source region 102, 
the substrate contact region 105 and the drain contact portion 103 are formed is not limited 

15 to any particular order. 

Then, a first contact hole 110a and a second contact hole 110b are formed in 
the insulating film 110, as illustrated in FIG. 7, so that the source region 102 and the 
substrate contact region 105 are exposed through the first contact hole 110a, and the drain 
contact portion 103 is exposed through the second contact hole 110b. Then, the source 

20 electrode 112 is formed on the insulating film 110 so as to fill the first contact hole 110a, 
and the drain electrode 111 is formed so as to fill the second contact hole 110b, thereby 
obtaining the semiconductor device of the present embodiment. The order in which the 
source electrode 112 and the drain electrode 111 are formed is not limited to any particular 
order. 

25 

FIRST VARIATION 
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A first variation of the embodiment of the present invention will now be 
described with reference to the drawings. 

FIG. 8A is a cross-sectional view illustrating a semiconductor device according 
to the first variation of the embodiment of the present invention. In FIG. 8A, those 
elements that are already shown in FIG. 1 are denoted by the same reference numerals and 
will not be further described below. 

As illustrated in FIG. 8A, the semiconductor device of the first variation 
includes the extended drain region 101. In the extended drain region 101, the first p-type 
buried layer 104A whose impurity concentration is about 1.5xl0 16 /cm 3 is formed at a depth 
of about 1.0 |im so as to extend substantially parallel to the substrate surface, the second p- 
type buried layer 104B whose impurity concentration is about 1.5xl0 16 /cm 3 is formed at a 
depth of about 4.0 ^m so as to extend in parallel to the first p-type buried layer 104 A, and 
a third p-type buried layer 104C whose impurity concentration is about 1.0xl0 16 /cm 3 is 
formed at a depth of about 6.0 \im so as to extend in parallel to the second p-type buried 
layer 104B. 

Thus, the n-type upper layer region 101a is formed over the first p-type buried 
layer 104 A, an n-type first intermediate layer region 101 bi is formed between the first p- 
type buried layer 104A and the second p-type buried layer 104B, an n-type second 
intermediate layer region 101b2 is formed between the second p-type buried layer 104B 
and the third p-type buried layer 104C, and the n -type lower layer region 101c is formed 
under the third p-type buried layer 104C. 

The p-type buried layers 104A, 104B and 104C are either all electrically 
connected to the semiconductor substrate 100 or all electrically floating. 

As described above, the first variation is characterized in that the extended 
drain region 101 includes therein the three p-type buried layers 104A, 104B and 104C, 
with the impurity concentration of the third p-type buried layer 104C being lower than that 
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of the first and second p-type buried layers 104A and 104B. 

With such a structure, when a predetermined voltage is applied to the extended 
drain region 101, the depletion layer 150 expands around the extended drain region 101 as 
indicated by the hatched area in FIG. 8B. Since the interval between the upper layer 
5 region 101a, the first intermediate layer region lOlbi, the second intermediate layer region 
101b2 and the lower layer region 101c of the extended drain region 101 is smaller than that 
of the semiconductor device illustrated in FIG. 1, the depletion layer expands more easily. 
Moreover, since the impurity concentration of the third p-type buried layer 104C is lower 
than that of the other p-type buried layers 104A and 104B, the depletion layer expands 

10 more easily from the junction between the third p-type buried layer 104C and the second 
intermediate layer region 101b2 and from the junction between the third p-type buried 
layer 104C and the lower layer region 101c. 

This makes it easier to ensure a high breakdown voltage, thereby making it 
easier to reduce the on-state resistance while ensuring a high breakdown voltage. 

1 5 Moreover, since it is easy to ensure a high breakdown voltage, the on-state resistance can 
easily be reduced by increasing the impurity concentrations of the upper layer region 101a, 
the first intermediate layer region lOlbi, the second intermediate layer region 101b2 and 
the lower layer region 101c of the n-type extended drain region 101. 

Therefore, according to the first variation, it is even easier to reduce the on- 

20 state resistance while ensuring a high breakdown voltage. 

SECOND VARIATION 

According to a second variation, the extended drain region 101 may further 
include therein a fourth p-type buried layer 104D provided below the third p-type buried 
25 layer 104C so as to extend in parallel to the third p-type buried layer 104C with an interval 
therebetween, as illustrated in FIG. 9. 
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In this way, the depletion layer expands even more easily, whereby it is even 
more easy to reduce the on-state resistance while ensuring a high breakdown voltage. 
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